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SUMMARY 

The study was designed to determine the changes and 
correlation of Hamstrings muscle activation, knee 
adduction moment and ankle rotation angle in two knee 
osteoarthritis (OA) (mild and moderate) and a healthy 
control group. 16 females (10 with mild and 6 with 
moderate medial knee osteoarthritis) and 10 control 
matched females were recruited.  A 3D gait analysis was 
performed on the subjects while they walked along the 
walkway. Electromyography data was also collected 
during gait from lateral and medial hamstrings. Post Hoc 
Tukey HSD (multi comparison) was performed to compare 
knee adduction moment, ankle rotation angle and medial 
and lateral hamstrings activity at early and late stance, 
between three groups. Ankle rotation, knee adduction 
moment and lateral hamstrings activation showed no 
significant difference between three groups.   Interestingly, 
Medial hamstrings activity was significantly higher at late 
stance in moderate group compared with two other groups. 
Also Knee adduction moment at late stance was 
significantly correlated with ankle rotation angle, and 
lateral hamstrings activity at early stance was significantly 
and inversely correlated with this angle. This implies that 
increased lateral hamstrings activity can increase external 
ankle rotation and consequently decrease knee adduction 
moment. 

INTRODUCTION 

The external knee adduction moment is known to be as a 
risk factor in the development and progression of medial 
tibiofemoral knee osteoarthritis (OA) [1]. A simple 
strategy used by those with medial OA to reduce the 
associated pain is to walk with an externally rotated foot. 
Walking with the foot rotated externally, reduces the pain 
and also decreases the measured knee adduction moment 
[2]. Another strategy to unload medial side of the knee is 
to increase lateral hamstrings activation and decrease 
medial hamstrings activation during gait [2].  
 
However, despite available data about correlation of foot 
rotation, knee adduction moment and Hamstrings activity 
[2, 3], no study (to our knowledge) has assessed the 
correlation between ankle rotation, knee adduction 
moment and hamstrings activation in knee OA 
patients.Therefore, the study examined the changes and 

correlation of Hamstrings muscle activation, knee 
adduction moments and ankle rotation angle in two knee 
osteoarthritis (OA) (mild and moderate) and a healthy 
control group.    
 
METHODS 

16 female participants (6 with moderate tibiofemoral OA 
and 10 with mild OA) were age, height, weight, BMI, 
physical activity level matched to 10 healthy control group 
with no previous history of major surgery or trauma of the 
lower limb, valgus alignment in the knee, cartilage 
degeneration in lateral tibiofemoral and patellofemoral 
more than medial compartment, neuromuscular disorders, 
gout or history of stroke and other forms of arthritis. To be 
included in the study, patients with knee OA needed to be 
35-53 years and experiencing knee pain with confirmed 
radiolographic and clinical evidence of knee OA.  Kallgren 
Lawrence radiographic score for medial tibiofemoral joint 
in all subjects with mild and moderate OA was 2 and 3, 
respectively. Subjects also needed to demonstrate 
functional independence and no clinical signs of 
menopause. All subjects signed a letter of informed 
consent approved by Iran University of Medical Sciences. 
 
Gait analysis was performed on all subjects.  A motion 
tracking system with 6 infrared cameras (Vicon 460, 
Oxford Metrics, Oxford, UK) was used to track 
participants as they walked .Three dimensional kinematic 
data were recorded at a sample rate of 100 Hz. Markers 
were placed on anterior superior iliac spines, posterior 
superior iliac spines, sacrum, mid thigh, lateral femoral 
epicondyle, mid shank, lateral malleolus, distal head of the 
second metatarsal and posterior aspect of the calcaneus. 
Two Kistler (9286BA, Switzerland), force platforms 
embedded in the walkway recorded the subject's ground 
reaction forces and moments at a sampling rate of 100 Hz.  
Subjects were instructed to walk barefoot at a self-selected 
speed along the walkway. Ankle joint rotation angle and 
knee adduction moment were calculated about the non-
orthogonal axes as represented by Grood and Suntay [4]. 
External moments were calculated by inverse dynamics. 
Kinematic data were filtered with woltring at MSE of 15 
and force plate data were low pass filtered at 8 HZ. A 
ME6000 EMG system (MT-M6T16-0, Finland) with 16 
channels was used to collect all EMG data at 1020. 
Following standard skin preparation, electrodes were 
applied in line with the muscles fibers over the muscle 
bellies of the biceps femoris (lateral hamstring) and 
semitendinosus ( medial hamstring). Before gait trails, 

ULB
Stamp



maximum voluntary isometric contraction (MVIC) from 
hamstrings was recorded manually during three 5 second 
duration trials [5]. Firstly EMG data during gait trials and 
also MVIC data were high pass filtered (15 HZ), rectified 
and then low pass filtered (6 HZ). Then the EMG data 
during gait were normalized against the MVIC maximum 
value. Three trials were obtained for each subject in which 
the foot of the test limb successfully landed on the force 
platform, and all markers were visible by the cameras. The 
averaged kinematics, kinetics and EMG data were used in 
statistical analysis.  
 
Key outcome measures were the early and late stance peak 
values of knee adduction moment, time-matched with 
ankle rotation and Hamtrings activity waveforms. Other 
variables that were measured included gait speed and 
stride length. Post Hoc Tukey HSD (multi comparison) 
was performed for the comparison of mass, height, BMI, 
age, stride length, velocity, and the parameters extracted 
from waveforms, between three groups. Partial correlation 
analysis was performed by considering age and BMI as 
control variables to calculate correlation between 
variables. The level of significance was set at 0.05. 
 
RESULTS AND DISCUSSION 

There was no significant difference among groups with 
respect to stride length and velocity. Figure 1 illustrates 
knee adduction moment during gait for three groups. As it 
is evident from the figure, subjects in mild group exert less 
adduction moment about their knee joint during gait than 
two other groups, but statistically the difference was not 
significant at early and late stance peak values. Also 
subjects in moderate group didn’t show significant 
difference in these parameters. Figure 2 illustrates ankle 
rotation in three groups. Subjects in mild group rotate their 
ankle more externally with respect to two other groups and 
subject in moderate group, rotate their ankle more 
internally with respect to other two groups. Here the 
differences were not significant at early and late stance 
between any two groups. Although not significant, but 
more ankle external rotation in mild group seems to be a 
mechanism that decreases knee adduction moment in this 
group (figure 1) [2]. More internal rotation in moderate 
group can exaggerate this moment; but, it seems that 
subjects in this group have used other strategies to prevent 
increased knee adduction moment. The only significant 
difference in hamstrings activation at the early and late 
stance was in medial hamstring at late stance between 
moderate group and other two groups (p<0.05). Subjects in 
this group activate this muscle more than two other groups 
at late stance. To detect more significant differences, 
perhaps other points should be analyzed. Second peak knee 
adduction moment was significantly correlated with ankle 
rotation angle (p=0.002, r=0.625). Lateral hamstring value 
at early stance was significantly and inversely correlated 
with this angle (p=0.037,                                                   
r=-0.447). It shows that, as lateral hamstring activation 

decreases, ankle rotation tends to internal rotation (positive 
values). 

 

Figure1: Knee adduction moment in three groups. 

 

Figure2: Ankle rotation angle in three groups (positive sign 
indicates internal rotation and negative, external rotation) 

CONCLUSION 

As ankle external rotation increases, knee adduction 
moment decreases. Higher lateral hamstring activation can 
increase ankle external rotation angle and consequently 
reduce knee adduction moment. 
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